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ABSTRACT

An immunofluorescent antibody
test (IFAT) developed for the diag-
nosis for plasmacytoid leukemia
was evaluated against histology
under field conditions. Previously
published results from a laboratory
evaluation indicated that the IFAT
had a much higher sensitivity than
did histology. One hundred seventy-
seven moribund chinook salmon
from 3 farms located in British
Columbia were sampled. Sensitiv-
ity, specificity and their respective
quality indices were estimated for
the IFAT relative to histology. The
IFAT was shown to be unreliable,
particularly with respect to sensi-
tivity. Cohen’s kappa was also cal-
culated and revealed that the agree-
ment between the 2 tests was no
better than random. In contrast to
previously published results the
IFAT did not perform better than
histology in the presence of bacte-
rial kidney disease. The results
emphasize the importance of evalu-
ating tests in the field conditions in
which they are to be used. The pos-
sible reasons for the shortcomings
of the IFAT are discussed.

RESUME

Une épreuve d’immunofluores-
cence indirecte (IFI) mise au point
pour le diagnostic de la leucémie
plasmocytaire a été comparée a
I’examen histologique sous des con-
ditions de champs. Des résultats
préliminaires obtenus lors d’une
évaluation en laboratoire démon-
traient que I’épreuve IFI avait une

plus grande sensibilité que I’exa-
men histologique. Un total de
177 saumons chinook provenant de
trois fermes situées en Colombie-
Britannique ont été échantillonnés.
La sensibilité et la spécificité de
méme que leur indice de qualité
respectif ont été estimés pour I’IFI
par rapport a I’examen histolo-
gique. Il a été démontré que I’IFI
n’était pas fiable, particuliérement
en ce qui a trait a la sensibilité. Le
test kappa de Cohen a également été
calculé et a démontré que la cor-
rélation entre les deux épreuves
n’était pas meilleure que pour des
valeurs prises au hasard. Contraire-
ment aux résultats déja publiés,
I’épreuve IFI n’était pas meilleure
que ’examen histologique lorsqu’en
présence de maladie bactérienne du
rein. Les résultats démontrent
Pimportance d’évaluer les épreuves
diagnostiques dans des conditions
similaires a celles dans lesquelles
elles seront utilisées.

(Traduit par le docteur Serge Messier)

INTRODUCTION

Plasmacytoid leukemia (PL), com-
monly known as marine anemia, is a
disease of farmed chinook salmon
(Oncorhynchus tshawytscha) in
British Columbia (BC) (1). The dis-
ease is characterized grossly by pale
gills, splenomegaly, renomegaly and
exophthalmia (2). Mortality rates
attributed to PL have been reported to
range from 2.5% to 20% (1,3,4). A
survey performed by Stephen et al (4)
found the disease to be an endemic
problem.

Both a retrovirus and the micro-
sporidian, Nucleospora salmonis,
have been proposed as possible etio-
logic agents (2,5-7). Until recently,
diagnosis could only be made through
histopathological evaluation. For a
chinook to be diagnosed histologi-
cally with PL, large immature cells,
referred to as plasmablasts, must be
observed in massive numbers in the
posterior kidney and one non-hema-
topoietic organ (1,6). Laboratory tri-
als on experimentally infected fish
determined that histological diagnosis
for PL had a specificity of 100% (ie,
no non-infected fish tested PL-posi-
tive with histology), which results in a
100% positive predictive value (8).
This would indicate that all fish that
test positive by histology have PL.
The same trials, however, found that
sensitivity was only 32% (ie, 32% of
the PL-infected fish tested positive
with histology). A low sensitivity
would result in a large proportion of
experimentally infected fish being
misdiagnosed as PL-negative with
histology. Histology has also been
determined to be quite ineffective in
diagnosing PL when fish have concur-
rent infections with Renibacterium
salmoninarum, the causal agent of
bacterial kidney disease (BKD) (2,8).
BKD is a common disease of chinook
salmon, which can cause extreme
granulomatous reactions in many
organs, particularly the kidney (9). In
one study, BKD was diagnosed in
70% of moribund chinook salmon
examined in BC (3,10). Histological
changes attributed to PL might, there-
fore, be obstructed by the pathologi-
cal changes of BKD.

In an attempt to improve PL diag-
nosis, an indirect immunofluorescent
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antibody test (IFAT) was developed
with monoclonal antibodies (MAbs)
from spleen cells of mice that had
been immunized with retrobulbar and
anterior kidney tissue preparations
from naturally and experimentally
infected chinook salmon that had been
diagnosed PL-positive by histology
(8,11). In laboratory trials, the IFAT
was compared to histological diagno-
sis on fish that were experimentally
infected via intraperitoneal injection
of kidney and spleen homogenate col-
lected from donar fish diagnosed PL-
positive by histology. Using injection
status as the gold standard, the IFAT
was determined to have a sensitivity
of 72% and a specificity of 76% (8). It
was concluded that the IFAT was a
more effective test for diagnosing PL,
especially in the presence of BKD (8).

The next step in the development of
the IFAT was to perform a field trial.
Field trials have been incorporated in
the development of several tests
designed for fish disease diagnosis
(12-14). The present study was car-
ried out to evaluate the IFAT, in field
conditions, on naturally infected pro-
duction fish. Samples were collected
between July and October, the time
when PL appears to be most prevalent
(4,15). Moribund fish were tested for
the presence of PL using histology
and IFAT. The agreement for the test
was evaluated using kappa and sensi-
tivity and specificity. For a test to be
considered useful, sensitivity and
specificity values both need to be high
(16). Quality indices for the sensitiv-
ity and specificity of the IFAT, rela-
tive to histology, were also calcu-
lated. These indices relate the
sensitivity and specificity to the
apparent prevalence of the disease.
Quality indices are similar to
weighted kappas and have been sug-
gested as a method to measure the
strength of the sensitivity or speci-
ficity of legitimate tests (16). There-
fore, a good test has quality indices
that approach the value of one.

MATERIALS AND METHODS

SAMPLE COLLECTION

Samples were collected from 2-
year-old chinook salmon at 3 chinook
salmon seawater net-pen sites located
in 3 different salmon farming regions
of BC. Farm 1, located on the north-
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ern coast of Vancouver Island was
visited once in July and twice in
August, and a total of 97 fish were
sampled. Farm 2, located on the west
coast of Vancouver Island, was vis-
ited once in September, at which time
50 fish were sampled. Farm 3, located
on the Sunshine coast was visited
twice in September, and a total of
30 fish were sampled.

Slow-swimming, moribund salmon
were caught by either dip-net or by a
diver. Fish were killed by applying a
blow to the cranium. Fish were imme-
diately necropsied and examined
grossly. Samples of posterior kidney,
spleen, liver, heart, posterior intes-
tine, pyloric ceca, and gill were col-
lected and preserved in Davidson’s
fixative solution for histological pro-
cessing (17).

The protocol used to collect sam-
ples for the IFAT was that outlined by
Newbound et al (8). Small sections
of anterior kidney (approximately
0.5 cm?) and spleen were dissected
out from each fish sampled. Excess
blood was blotted off on a paper towel
and tissue imprints were made onto a
12-well multi-spot microscopic slide
(John’s Scientific, Dartmouth, Nova
Scotia). Kidney imprints were made
on the top 6 wells and spleen imprints
made on the bottom 6 wells. Two
slides were made for each fish. The
slides were allowed to air dry, and
were then fixed in an acetone- 99%
ethanol solution (60:40) and stored on
ice for approximately 20 min. The
slides were again allowed to air dry
before being stored in a waterproof
container and placed in an ice cooler
for transportation back to the labora-
tory. Upon return to the laboratory,
the slides were stored in a freezer at
—20°C, with a desiccant, until the day
of reading. All the laboratory work
was performed at the Pacific Biologi-
cal Station in Nanaimo, BC.

HISTOLOGY

Fixed tissues were prepared using
standard histological procedures, and
were stained with hematoxylin and
eosin. The senior author examined
one slide for each of the 177 fish sam-
pled in order to assign a positive or
negative PL diagnosis. A positive
diagnosis for PL required presence of
an increased number of plasmablast
cells in both the renal interstitum and
one other non-hematopoietic organ

(8). Slides were also examined for
evidence of BKD as described by
Bruno (9).

INDIRECT FLUORESCENT ANTIBODY
TEST

The preparation of the multi-well
slides was done following the proto-
col outlined by Newbound et al
(8,11). The first pair of wells were
filled with approximately 20 pL of
positive polyclonal. This serum had
been collected from mice inoculated
with anterior kidney and retrobublar
tissue homogenate obtained from chi-
nook salmon that had been infected
either naturally or experimentally and
that had been diagnosed with PL by
histology (11). The serum was diluted
to 1:500 with phosphate-buffered
saline (PBS), pH 7.4. The serum inoc-
ulated wells represented the positive
control and were used to demonstrate
positive fluorescence. The second set
of wells was filled with a similar vol-
ume of PBS and acted as the negative
control to show a non-fluorescing
field. The third and fourth sets of
wells were filled with an IgG mono-
clonal and the fifth and sixth pairs of
wells were filled with an IgM mono-
clonal antibody. Both the IgG and the
IgM monoclonal antibodies were
developed specifically for the diagno-
sis of PL. Each antibody is believed to
bind to a different receptor; using
both had been recommended to
increase the chance of diagnosing a
PL-positive fish (11). Slides were
incubated in a dark, humidified cham-
ber at 22°C for 30 min. The slides
were rinsed and washed twice for
5 min in PBS. All of the wells were
then filled with 20 pL of a rabbit anti-
mouse IgG, IgA and IgM conjugated
with fluorescein isothiocyanate
(FITC) (Zymed, San Francisco,
California, USA) at a 1:100 dilution,
and a drop of Evan’s blue dye (BDH,
Dartmouth, Nova Scotia). They were
then incubated in the dark, humidified
chamber for 30 min. The FITC-conju-
gated antibody was then removed
with two 5-minute washes of sodium
carbonate buffer [4.2% NaHCO,/5.3%
Na,CO, (4:1)]. Coverslips were
mounted using FA Mounting media
(pH 7.0, DIFCO Laboratories, Detroit
Michigan, USA).

The slides were examined using
fluorescence microscopy using the
method outlined by Newbound et al



(8). In order to reduce the risk of mis-
classification bias, the slides were
coded so as to blind the primary
investigator to their origin. Control
wells were examined first to evaluate
proper antigen binding and to
appraise the level of background fluo-
rescence. If no fluorescence was evi-
dent in the positive control well, or if
excessive background fluorescence
was observed in the negative control
well, the slide was rejected and the
duplicate slide was stained and exam-
ined. From each of the remaining
wells, 10 fields consisting of a uni-
form monolayer of cell impressions
were selected and examined at 400X
magnification. All fluorescing cells
were counted and given a subjective
score of 1, 2 or 3, corresponding to the
intensity of fluorescence, with 1 indi-
cating a low level of fluorescence and
3 indicating an intense degree of fluo-
rescence. The scores from the 80 fields
were summed. Those fish with IFAT
values equal to or exceeding 21, the
cut-off determined by Newbound et al
(8), were given a positive PL diagno-
sis, whereas those below the cut-off
were considered negative for PL.

COMPARISON OF IFAT TO HISTOLOGY

Histology results were compared to
the dichotomized IFAT results using
2 X 2 tables. Data were initially strat-
ified by farm and then by BKD status.
The level of agreement between the
2 tests was measured by calculating
Cohen’s kappa (18,21). A kappa is
used to measure agreement beyond
chance between 2 tests. If a quadrant
was found to have a zero outcome, a
correction factor of 0.5 was added to
all 4 quadrants before calculating
kappa. A kappa value of zero indi-
cates no agreement beyond that due to
random chance while a kappa of 1
indicates complete agreement (18,19).
For clinical purposes, a kappa value
of greater than 0.6 indicates excellent
agreement (19). Chi-square tests were
used to determine whether there were
significant differences between the
kappa value of each stratum. If no sig-
nificance was found a pooled kappa
was calculated (18). A chi-square test
was also performed to determine
whether kappa was significantly dif-
ferent from zero, i.e. no agreement
beyond chance (18). The level of sig-
nificance was set at P < 0.05 for the
chi-square tests.

TABLE 1. Plasmacytoid leukemia (PL) diagnostic results from 2-year-old chinook salmon
from 3 British Columbia farms, as determined by histology and an indirect immunofluores-

cent antibody test (IFAT)

Histology
+ Total
+ 23 27 50 Q =0.28 (50/177)
IFAT* - 44 83 127 1-Q=0.72 (127/177)
Total 67 110 177

2 Fish with IFAT scores > 21 were diagnosed as PL+
b Sensitivity of IFAT (relative to histology) = 0.34 (SE = 0.06); Quality index = 0.08
< Specificity of IFAT (relative to histology) = 0.75 (SE = 0.04); Quality index = 0.11

Sensitivity and specificity for the
IFAT results relative to the histology
results were calculated for each farm.
Sensitivity described the proportion
of samples diagnosed PL-positive
with histology that were also positive
with the IFAT. Specificity described
the proportion of samples diagnosed
PL-negative with histology that were
also IFAT-negative (16,17). A quality
index was calculated for each IFAT
sensitivity and specificity using the
method outlined by Kraemer (16).
Sensitivity for a test that is random or
better than random range from Q to 1,
where Q is defined as the apparent
prevalence of the disease in the tested
population as estimated by the “new”
test. In this study, Q was estimated by
the proportion of fish that tested posi-
tive by IFAT. Specificity for a test
that is random or better than random
would range from 1-Q to 1 (16). Qual-
ity indices describe the position of
sensitivity and specificity on this
scale (Q to 1 and 1-Q to 1, respec-
tively), thereby giving an indication
of the test’s legitimacy. A test whose
results are not better than random
would have quality index values of
zero. Legitimate tests should have a
quality index approaching one (16). A
chi-square test was performed to
determine whether the IFAT results
were better than random (16), using a
significance level of P < 0.05.

Sensitivity, specificity and their
respective quality indices for the
IFAT were calculated for 12 cut-off
points other than 21 to determine
whether a more appropriate cut-off
point existed. The most suitable cut-
off was determined to be the one with
the highest sensitivity and specificity
quality index weighted average (16).

RESULTS

All 3 farms visited were found to
have 2-year-old chinook salmon

exhibiting gross signs of PL. Since
only moribund fish were sampled an
estimate of on farm disease preva-
lence could not be made. One hundred
sixty-two of the 177 fish collected for
histology and IFAT were examined
grossly by the primary investigator.
Fifteen fish were not examined
grossly, because they were not col-
lected by the primary investigator. Of
those fish examined grossly, 82% had
pale gills indicating some degree of
anemia, 75% had evidence of spleno-
megaly, 81% had evidence of reno-
megaly and 19% exhibited a degree of
exophthalmia. Bacterial kidney dis-
ease was diagnosed by histology on 2
of the 3 farms.

Using histology, 67 (38%) of the
177 fish were diagnosed as having
PL, with 3 of these exhibiting severe
histological signs of PL. The IFAT,
using the cut-off point of 21, found 50
(28%) of 177 fish to be positive for
PL. Five of the duplicate slides had to
be examined due to excessive back-
ground fluorescence on the original
slide. The IFAT scores ranged from
0 to 270 with a mean of 26. Anterior
kidney tissue had a far greater propor-
tion of fluorescing cells than did
spleen tissue. Differences in the num-
bers of fluorescing cells between the
2 MAbs were not examined. Cells of
varying sizes were found to fluoresce
with the IFAT, with fluorescence
restricted to the cell wall.

Agreements between test results
were not found differ significantly
among the 3 farms, so a pooled farm
kappa was calculated. Table I com-
pares IFAT results to the histological
findings for the pooled data. The
pooled kappa value was calaculated to
be 0.10 (SE = 0.07), well below the
desired limit of 0.6, and was not sig-
nificantly different from 0. This sug-
gested that there was no agreement
between the tests other than that due to
chance alone. Also, the 3 fish exhibit-
ing the most severe histological cases
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of PL were diagnosed PL-negative
with IFAT.

Sensitivity and specificity of the
IFAT with their corresponding quality
indices are shown, for the pooled farm
data is shown in Table I. The sensitiv-
ity and specificity were only slightly
higher than Q and 1-Q, respectively.
Consequently both quality indices
were very low, indicating that the
IFAT was not a legitimate test for PL
diagnosis. This was confirmed by the
chi-square test (x2 = 1.55), which
indicated that the test was no better
than random (P < 0.05).

When results were stratified by the
presence of BKD, no significant dif-
ference was observed among the
farms. Therefore a pooled kappa
could be calculated. Table II presents
histology and IFAT results further
stratified by BKD status. Farm 3
showed no histological evidence of
BKD. The pooled kappa for the BKD
positive (based on results from farm 1
and 2) and the BKD negative (based
on results from all 3 farms) strata was
0.04 (SE =0.13) and 0.12 (SE = 0.08)
respectively. Both kappa values fail to
establish any agreement beyond that
due to chance. Also, stratifying by
BKD status did not affect sensitivity
or specificity values of either farm 1
or2.

Pooled data were used to evaluate
12 cut-off points for the IFAT ranging
from 0 to 100. A cut-off of 45 pro-
vided the highest weighted kappa.
This cut-off increased the specificity
of the IFAT to, 0.91 with a quality
index of 0.44, however at this cut-off
the sensitivity dropped to 0.28, with a
quality index of 0.14.

DISCUSSION

In a questionnaire survey, Stephen
et al (4) found that PL was widely dis-
tributed in BC. Little is known, how-
ever, about risk factors for and conse-
quences of PL, partly because of the
lack of a relatively quick, sensitive
and specific diagnostic test. The IFAT
investigated in the present study was
developed for this reason. Unfortu-
nately, in contrast to earlier labora-
tory evaluations (8), the IFAT was
shown to perform poorly in field
situations.

Tissue imprints from both anterior
kidney and spleen were used to evalu-
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TABLE II. Plasmacytoid leukemia (PL) diagnostic results, categorized by bacterial kidney
disease (BKD) status, from 2-year old chinook salmon from 3 British Columbia farms, as
determined by histology and an indirect antibody immunofluorescent test (IFAT)

Histology
BKD - Positive*! BKD - Negativef
+ - Total + — Total
IFAT® + 2 11 13 21 16 37
- 4 32 36 40 51 91
Total 6 43 49 61 67 128

2 Farms 1 and 2 only

® Fish with IFAT scores > 21 were diagnosed as PL+

< Sensitivity of IFAT (relative to histology) = 0.33 (SE = 0.18)
4 Specificity of IFAT (relative to histology) = 0.74 (SE = 0.08)
¢ Sensitivity of IFAT (relative to histology) = 0.34 (SE = 0.06)
f Specificity of IFAT (relative to histology) = 0.76 (SE = 0.05)

ate the IFAT. The present study found
more fluorescing cells in the kidney
tissue than in the splenic tissue. This
differs from the findings of New-
bound (11), who found a higher pro-
portion of fluorescing cells in splenic
tissue. This may indicate that the dis-
tribution of antigen that binds to the
IFAT MAbs differs in naturally and
experimentally infected fish. The
cells that fluoresced appeared to have
fluorescence concentrated in the cell
walls. These cells appeared similar in
size distribution to those found by
Newbound (11). The identity of these
cell types was not identified in the
present study.

Background fluorescence is a com-
monly encountered problem in fluo-
rescent antibody tests (13). Cvitanich
(20) determined that antibody incuba-
tions of greater than 60 min resulted
in an increase in background fluores-
cence. In the present study, a 30-
minute antibody incubation was used.
Background fluorescence was a prob-
lem in less than 3% of the first run
slides.

The true sensitivity and specificity
of the IFAT could not be calculated in
the field because there was no true
gold standard diagnostic test with
which to compare it (19). The IFAT
was therefore evaluated against his-
tology, the standard test being used at
the time. Stephen et al (21) suggested
that histology provided inconsistent
diagnoses for PL. However, a high
level of agreement (kappa = 0.70) was
achieved when 3 of the present inves-
tigators independently evaluated his-
tology, from 132 of the samples col-
lected for the present study, using the
criteria described above in the Materi-
als and Methods (22). These same cri-
teria were used by Newbound et al (8)
in their experiments.

Gross evidence of PL along with
positive histology and IFAT results
were observed on all three farms par-
ticipating in this study. However,
even though the proportion of fish
found positive by histology and by the
IFAT did not differ greatly, the level
of agreement between the 2 tests was
very poor. Newbound et al (8) also
had poor agreement between histol-
ogy and IFAT in their laboratory
experiments (kappa = 0.22). This
brings into question the suitability of
the present IFAT as a diagnostic tool
for PL. The IFAT developers indi-
cated that histology had very high
specificity. Hence, unless the true
prevalence is very low, a large pro-
portion of the fish diagnosed with PL
by histology are truly infected (19).
Therefore, an estimate of the sensitiv-
ity of the IFAT relative to histology
should be fairly accurate for those
fish in which disease has progressed
to the point of producing observable
histological changes. In the present
study, however, many of the histology
diagnoses were not found to be posi-
tive with the IFAT, resulting in a low
sensitivity estimate for the IFAT, sub-
stantially lower than that calculated
with experimental infection (8). In
addition, the quality index associated
with the sensitivity was very low.
Newbound et al (8) speculated that
the MAbs used in the IFAT may be
specific to antigens more common in
subclinical or in very early stages of
PL, before histological changes would
become apparent, which could cause
cases that test positive with histology
to test negative with the IFAT. The
major concern with this suggestion is
rooted in the methods used to develop
the IFAT. Previous researchers who
have developed IFATs for fish dis-
eases and found them to be useful



diagnostic tools, have used MAbs
developed against specific pathogens
(23-25). When the present IFAT for
PL was developed, a causative
pathogen had not been identified.
Therefore, the test was developed
using whole organs harvested from
fish, not subclinically infected, but
with clinical and histological signs of
PL. This mixed homogenate of whole
organ tissue would contain a multi-
tude of different antigens, only some
that are unique to PL. It is possible,
therefore, that the low sensitivity of
the present IFAT is because the MAbs
are not specific to an antigen unique
to PL. Unfortunately, the IFAT
requires lethal sampling and it was
not possible to investigate whether the
IFAT was detecting subclinical PL.
However, considering the types of tis-
sues used in the development of the
MADbs and the general poor perfor-
mance in the field trial, the IFAT’s
ability to diagnose subclinical PL
remains doubtful.

When the IFAT was developed, it
was thought that it would be more
effective in diagnosing PL in fish
simultaneously infected with other
diseases, such as BKD. In the labora-
tory evaluation, where ‘inoculation
status’ represented the gold standard,
a comparison of IFAT and histology
in the presence of BKD indicated that
IFAT was better at detecting PL than
was histology (8). If the IFAT is bet-
ter able to detect PL in the presence of
BKD, then one would expect that a
higher proportion of fish with concur-
rent BKD and PL infections would be
detected as PL-positive by IFAT than
histology. Therefore, the specificity
of the IFAT, when measured against
histology, would be lower in the
group with BKD infection, as a result
of a higher frequency of false nega-
tive diagnoses made by histology. In
the present study, no significant dif-
ferences were found in the specificity
of the positive and negative BKD
groups. Therefore, it cannot be con-
cluded that the IFAT is better at
detecting PL in the presence of BKD
than histology.

It is possible that the development
and expression of natural PL infec-
tions differ from experimentally
induced infections. Experimentally
induced infections generally involve
higher loading doses, artificial routes
of infection, and shorter disease dura-

tion. Since, the IFAT was developed
to diagnose naturally occurring PL
infections, it was deemed essential to
evaluate it not only experimentally,
but also in its natural setting. Unfortu-
nately, the results of the field study
indicated that the IFAT, in its present
state, is not a useful diagnostic tool
for PL. This study illustrates the
importance of evaluating tests not
only within the laboratory but also in
the setting where their use is intended.
Until a reliable diagnostic test for PL
is developed, diagnosis will continue
to be made based on gathering a
good history, performing a thorough
necropsy, and recognizing suspicious
gross signs and histology. In cases
where a mixed BKD/PL infection is
suspected, a poorer than expected
response to BKD therapy may be used
to indirectly suggest a diagnosis.
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